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1 Introduction

MGRIDGEN and PARMGRIDGEN areserial andparallel softwarepackagesthat implementvariousalgorithmsfor
generatinga sequenceof coarsegrids. The generatedcoarsegrids containwell-shapedelementsandthus they are
well-suitedfor geometricmultigrid methods.PARMGRIDGEN is an MPI-basedparallel library that is basedon the
serialpackageMGRIDGEN andit is suitedfor parallelnumericalsimulationsinvolving largeunstructuredgridssince
thealgorithmsincuraverysmallcommunicationoverhead,achievehighdegreeof concurrency andmaintainthehigh
qualityof thecoarsegridsobtainedby theserialalgorithmsin theMGRIDGEN library.

This manualis organizedasfollows. In Section2 we briefly describethe serialalgorithmsof MGRIDGEN and
theparallelapproachto theproblemof coarsegrid construction.In Section3 we describetheuseof thestandalone
programs,providedwith MGRIDGEN andPARMGRIDGEN, to computecoarsegrids.Section4 describestheformatof
thebasicparametersthataresuppliedto theroutines.Section5 providesadetaileddescriptionof thecallingsequence
of thefunctionsin bothlibraries.Finally, Section6 describeswhatotherlibrariesyouneedin orderto runMGRIDGEN

andPARMGRIDGEN andprovidescontactinformation.

2 Overview

The goal of the underlyingalgorithmsin MGRIDGEN/PARMGRIDGEN is to generatea coarsegrid that contains
well shapedelements,subjectto the minimum andmaximumsizeconstraintson the sizeof thesefusedelements.
MGRIDGEN/PARMGRIDGEN implementfour differentmethodsfor measuringtheoverall quality of thecoarsegrid,
andtheparticularmethodcanbeselectedby theuser.

Considera grid ��� with � elementsandlet �
	 be the coarsegrid with ��	 elements,suchthat eachelement
of �
	 is obtainedby combiningtogether(i.e. fusing) someelementsof ��� . For eachelementof the coarsegrid
we computeits aspectratio, thatmeasuresthedegreeto which its correspondingarea,for two-dimensionalgrids,or
volumefor three-dimensionalgrids,is circularor spherical.For two-dimensionalgrids,theaspectratio of anelement

is definedas ��
����� . Whereas,for three-dimensionalgrids, the aspectratio is definedas ��
������ . Within this
setting,thefour methodsfor measuringthequalityof thecoarsegrid �
	 aredefinedasfollows:

Sum of Aspect Ratios We determinetheoverall quality by summingup theaspectratiosover all theelementsof
�
	 . Sincesmalleraspectratiosarebetter, a grid thathasthesmallestsumof theaspectratio of its elementsis
preferred.

Weighted Sum of Aspect Ratios We cantake into considerationthe sizeof eachelementin the grid (i.e. how
many elementsof the original grid were fusedtogetherto createan elementin the coarsegrid) andusethis
informationastheweightparameterfor eachelementwhencomputingtheweightedsumof aspectratios.

Maximum Aspect Ratio Anotherway to measurethequality of thecoarsegrid is to minimize theaspectratio of
the worst elementin the coarsegrid. Therefore,a preferredcoarsegrid will be the onethat achievesthe best
possibleaspectratio for its “worst” element.

Maximum Aspect Ratio and Weighted Sum of Aspect Ratios Thethird andsecondqualitymeasurescanbe
easilycombinedtogetherandusedasa new methodto measurethe quality of the coarsegrid. In this case,
amonggridsthathave thesameaspectratio for their worstelement,theweightedsumof theaspectratioswill
beused.

MGRIDGEN/PARMGRIDGEN usethemultilevelparadigmtofind thecoarsegrid thatoptimizestheparticularcoarse
grid quality measure.Within that context, the quality measurefunctionbecomesthe objective function that is opti-
mizedby themultilevel paradigm.Thegeneralframework of themultilevel paradigmis shown in Figure1, thathas
beenfoundeffective in therelatedproblemof graph/meshpartitioning,see[1, 2, 4, 3].

An importantaspectin the whole algorithmis the methodusedto do the coarseningphaseof the multilevel al-
gorithm. MGRIDGEN/PARMGRIDGEN implementtwo methodsfor the coarseningphase,andagain,the particular
methodcanbeselectedby theuser.
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Random Agglomeration This is a completelyrandomizedalgorithmwhereneighboringelementsare fusedto-
getherin a randomwaywithout consideringthequality of theinducedcoarsegrid.

Globular Agglomeration In this agglomerationtechniqueneighboringelementsarefusedtogetherin sucha way
thatthenew fusedcoarseelementwill haveaminimal aspectratio.

Throughoutour algorithmsthegrid is modeledusingits dualgraph,whereeachvertex in thegraphcorrespondsto
anelementof thegrid (i.e., triangle,tetrahedron,brick), andtwo verticesareconnectedvia anedge,if thecorrespond-
ing grid elementssharea segmentor facedependingonwhetheror not thegrid is two- or three-dimensional.

Figure2 givesan overview of the functionality provided by MGRIDGEN/PARMGRIDGEN. Extendedtestshave
shown that certainalgorithmstend to producegrids of betterquality. Thesealgorithmsare the onesappearingin
shadedboxesin Figure2. Herewepresentall availablealgorithmsin thelibrary but nonethelesswe suggestusingthe
onesthatperformbetter. All of our algorithmsaredescribedin detail in [6].

2.1 Parallel Formulation

In theparallelformulationof ouralgorithms,thegraphis first distributedamongtheprocessorsusingaparallelgraph
partitioningalgorithmsothatwell shapedsubdomainsformulateon eachprocessorsuchthatthenumberof elements
sharedon theinterfaceis minimal. Then,every processormodifiesits local graphby just removing/cuttingtheedges
thatconnectit to otherprocessors.Therefore,all processorsnow havetheir own subdomainandcanwork on it, using
simply the serial routinesprovided in MGRIDGEN, without needingto communicateat all with others. The coarse
domainobtainedafterthatwill haveverygoodcharacteristicsontheinside,but will suffer on theinterfacesincesome
of theoriginal edgesweresimply cut. To curethis problemwe slightly perturbtheoriginal partitionof thegraphso
thatpreviously interfacenodes(whosecoarseningsuffers)becomeinterior in a processor, andformerly interiornodes
(whosecoarseningis very goodanddo not needany morework) becomeinterface,seeFigure3. This is donesimply
by callinganadaptivegraphpartitioningroutinefrom PARMETIS [5]: ParMETIS RepartLDiffusion. After thegraph
is repartitionedbetweentheprocessors,somelocalrefinementis doneto improvethequalityof thepreviouslyinterface
nodes.Only a few iterationsof repartitioningfollowedby refinementareneededandwe have obtaineda coarsegrid
of thesamequality andcharacteristicsastheonethattheserialalgorithmsof MGRIDGEN wouldyield.
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Thestructureof theparallelalgorithmappearsin Figure4.

3 Stand-Alone Programs
MGRIDGEN providesaprogram,mgridgen thatcanbeusedto coarsenanunstructuredgrid. mgridgen is invoked
by providing theargumentsin thecommandline asfollows :

mgridgen ��i=j,k&lnm�oTprqYsto<uwvyx{z=k|qQ}yx{z=k|qf~f��o<��~f��j[��s��d��~fq,�[q=p
Similarly, PARMGRIDGEN providesa program,parmgridgen which is invoked by providing the sameargu-

mentsin thecommandline. Assuminganinstallationof MPI is on themachinethentheprogramis invokedas:

mpirun-np �bk|qJ� parmgridgen ��iJj,k�l|m�oTprqQsto<uwvyx{z=k|qQ}�xVz,k�qf~Q��o<��~Q��j[��s��d�b~:q,��q=p
Thefirst argument,��i=j,k&lnm�oTprq , is thenameof thefile thatstoresthegrid (whoseformat is describedin detail in

Section4.3). The secondargumentis the dimensionof the problem,either � for a two-dimensionalgrid or � for a
three-dimensionalone.Thethird andfourtharguments,vyx{z=k|q and }yx{z=k|q , specifywhichcoarseningandrefinement
algorithmsto beused(describedin Section5). The ~Q��o�� and ~Q��j�� parametersspecifya lower andupperbound,
correspondingly, on thesizeof theinducedagglomeratedcells.Finally, thelastparameterspecifiesthelevel of output
theuserwantsto have in theend.Giving s��d��~fq,�[q=p of � will produceno outputinformationatall. We suggestdebug
level of �,��� which printssomereasonableamountof statisticsof thequalityof thecoarsegrid.

Upon successfulexecutionof the serial codethe result is storedin file ��iJj,k�l|m�oTprq .part.�bk�j�i=�M� . Similarly, the
resultof theparallelcodeis written in file ��iJj,k�l|m�oTprq .part�bk�q=� - u�z=k�q .�bk|j[i=�M� . Theformatof bothfiles is described
in Section4.3.

4 Input/Output Formats

4.1 Format of the Input Grid

MGRIDGEN takesasinput thefollowing information
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� adjacency structureof thegrid in compressedstorageformat(CSR),

� vertex-boundary-surface�r� �?� ,
� vertex-volume�r�[� �

PARMGRIDGEN takesasinput thefollowing information

� adjacency structureof thegrid in compressedstorageformat(CSR),

� vertex-boundary-surface�r� �?� ,
� vertex-volume�r�[� �
� distributionarrayof thegraph,

Notethattheonly differencebetweentheserialandtheparallellibrary is thatPARMGRIDGEN requiresthedistri-
butionof thegraphaswell.

Serial CSR Format The CSR format is a widely usedschemefor storing sparsegraphs. In this format the
adjacency structureof our graphis representedusingtwo arraysxadj andadjncy , andthe weightson the edges
arerepresentedby usingoneadditionalarraycalledadjwgt . Note that the edgeweightherecorrespondsto either
the lengthof thesharedline segmentor theareaof thesharedface,in two- or three-dimensionalgrids, respectively.
Consideragraphwith � verticesandu edges.In theCSRformat,thisgraphis storedusingthearraysof thefollowing
sizes:

xadj[ �t��� ] , adjncy[ �Ju ] , andadjwgt[ �Ju ]

Note that the reasonbothadjncy andadjwgt areof size � u is becausefor eachedgebetweenvertices� and ¡
we actuallystore �!��¢M¡ � aswell as �r¡�¢]� � . Also notethat in our casetheverticesof thegraphareunweightedbecause
we assumethat they all have the sameweight initially. The adjacency structureof the graphis storedas follows.
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Assumingthatvertex numberingstartsfrom 0 (C style),thentheadjacency list of vertex o is storedin arrayadjncy

startingat index xadj[ o ] andendingat (but not including)index xadj[ o&�£� ] (i.e., adjncy[xadj[ o ]] through
and including adjncy[xadj[ o¤�¥� ]-1] ). That is, for eachvertex o , its adjacency list is storedin consecutive
locationsin thearrayadjncy , andthearrayxadj is usedto point to whereit beginsandwhereit ends.Figure5(b)
illustratesthe CSRformat for the 15-vertex graphshown in Figure5(a). Theweight of edgeadjncy[ ¦ ] is stored
in adjwgt[ ¦ ] . For thosefamiliarwith theMETIS package,this is exactly theformatthatis usedby theusercallable
library of METIS.

0 2 5 8 11 13

0 5 10 15vtxdist

1 0 2 6 1 3 75 2 4 938

0 3 7 11 15 18

1 5 7 11 2 6 8 12 3 7 9 13 4 8 140 6 10

0 5 10 15vtxdist

5 11 6 10 12 7 11 13 8 12 14 9 13

0 2 5 8 11 13

0 5 10 15vtxdist

Description of the graph on a parallel computer with 3 processors (ParMGridGen)
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Distributed CSR format TheserialCSRformatcanbeextendedfor thecasein which theverticesof thegraph
andtheir adjacency lists aredistributedamongthe variousprocessors.In particular, PARMGRIDGEN assumesthat
eachprocessorª�« stores�_« consecutiveverticesof thegraphandthecorrespondingu¬« edges,sothat �­
�® « �_« , and
u¯
 ® « u¬« . Eachprocessornow storesits localpartof thegraphin thethreearraysxadj[ �_«<�t� ] , adjncy[ ��°�uL« ] ,
andadjwgt[ �V°YuL« ] , usingtheCSRstoragescheme.Oneway of thinking aboutthis distributedCSRformat is as
follows. Seriallyyou havea singlexadj andadjncy arrays.Whenyougo parallel,theverticesandtheir adjacency
listsareequallydistributedamongtheprocessors.Thatis, youcantake ��±4k consecutiveadjacency lists from adjncy

andstorethemonconsecutiveprocessors(k is thenumberof processors).Theseportionsof thewholeadjncy array
are then the adjncy arrayssuppliedby eachof the processorsin the distributedCSR format. In addition, each
processorsuppliesits localxadj arrayto point to whereeachadjacency list beginsandends.Thus,if we takeall the
localadjncy arraysandconcatenatethemwill getexactlytheadjncy arraythatis usedin theserialCSR.However,
concatenatingthelocal xadj arrayswill not giveustheserialxadj array, sincetheentriesin eachlocalxadj point
to their localadjncy array.
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In addition to thesethreearrays,eachprocessoralso suppliesan additionalarray vtxdist[ kL�²� ] , that in-
dicatesthe rangeof verticesstoredat eachprocessor. In particular, processorª�« storesthe verticesstartingfrom
vtxdist[ o ] , up to (but not including)vertex vtxdist[ o*��� ] . Figure5(c) illustratesthedistributedCSRformat
by an exampleon a threeprocessorsystem. The 15-vertex graphin Figure 5(a) is distributedamongthe proces-
sorsso thateachprocessorgets5 verticesandtheir correspondingadjacency lists. That is, processor0 getsvertices
0 through4, processor1 getsvertices5 through9, andprocessor2 getsvertices10 through14. This figureshows the
elementsthat thearraysxadj , adjncy , andvtxdist storeat eachprocessor. Note that thearrayvtxdist will
alwaysbethesameat eachprocessor.

All four arraysthatdescribethedistributedCSRformataredefinedin PARMGRIDGEN to beof typeeitheridx-
type or realtype . By default idxtype is setto beequivalentto typeint (i.e., integers)andrealtype is setto
beequivalentto typedouble . However, idxtype canbemadeto beequivalentto ashort int andrealtype

equivalentto typefloat for certainarchitectures.Theconversionfrom int to short andfrom double to float
canbedoneveryeasilybymodifyingthefilesMGridGen/IMlib/IMlib.h andParMGridGen/IMParMetis-

2.0/ParMETISLib/struct.h (instructionsareincludedthere).Thesameidxtype is usedfor thearraysthat
areusedto storethecomputedpartition.

vertex-boundary-surface �r� �©� Thevertex-boundary-surfacearray, of length � , is usedto capturethe lengthor
areaof theelement’ssegmentsor facesthatarenotsharedby otherelements,i.e., they areontheboundaryof thegrid.
Notethatfor all interiorelements� � will bezero.

vertex-volume �!��� � Thevertex-volumearray, of length � , is usedto capturethearea(for two-dimensionalgrids)
or thevolume(for three-dimensionalgrids)of thatparticularelement.

An exampleof a two-dimensionaltriangularmeshandits correspondingdualgraphis shown in Figure6.
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4.2 Output Format of the Computed Coarse Grid

Format of the Partition Array Thepartitionarrayof a graphwith � verticesis an integerarrayof size � . The
o th entryof thisarrayrepresentsthecontrolvolumethatthe o th vertex belongsto. Partitionnumbersstartfrom � up to
thenumberof agglomeratedcells(controlvolumes)producedminusone.
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4.3 Format of the Input File for the Stand-Alone Program

The stand-alonePARMGRIDGEN programrequiresasan input a grid file in the following format. If the grid has �
vertices,thenthegrid is storedin a text file with ���£� lines. Thefirst line containsinformationaboutthesizeof the
grid, while theremaining� linescontaininformationfor eachvertex. Thefirst line containstwo integers,which are
thenumberof verticesandedgesof thegrid, respectively. Note that in determiningthenumberof edgesu , anedge
betweentwo vertices¡ , � is countedonly oneandnot twice (i.e.,we do not counttheedge �!¡�¢M� � separatelyfrom the
edge �r�|¢]¡ � . For examplethegraphin Figure6 contains�(� edges.The remaining� linescontaininformationabout
theactualstructureof thegraph. In particular, the o th line containsinformationrelevant to the o th vertex. In general
eachline will have thefollowing structure:

� � « � 	 q 	 � ÆQq=Æ ... ��Ç{qJÇ
where� � « is thevertex-volumeassociatedwith thecurrentvertex, � 	 , � Æ , ... ��Ç aretheverticesadjacentto this vertex
and q 	 , q=Æ , ... q=Ç are the associatedweightsof thesevertices. The vertex-boundary-surfacefor vertex o is entered
simply by enteringit asanedgeweightbetweenthe o th vertex with itself. Note that theverticesherearenumbered
startingfrom 1 (not from 0 asis oftendonein C).

For example,theinput file for thegrid in Figure6 wouldbetheonein Table1.

15 18
2 1 ��È � 2 2 3 2
È É 1 2 4 1 2 È É
2 1 2 7 È É 6 È É
1 2 1 7 È É 4 2
2 6 2 8 2 5 � È �
1 3 È É 5 2 9 1
2 4 È É 3 È É 12 2
1 5 2 9 1 10 È É	Æ 6 1 8 1 11 1
2 8 È É 11 2 13 È �,�
1 9 1 10 2 14 È �,�
3 7 2 14 È �,� 15 È �,�
13 10 È �,� 13 5
3 11 È �,� 14 2 12 È �,�ÊÆ 12 È �,� 15 4

Ë[Ì,Í Î  #"
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Noteherethatin theactualfile, È É shouldbesubstitutedby theactualvalueitself, i.e. �ÓÒ ����Ô���Ô�� , etc.

4.4 Output File Format from the Stand-Alone Program

Format of the Partition File Thepartitionfile of agraphwith � verticesconsistsof � lineswith asinglenumber
per line. The o th line of the file representsthecontrol volumethat the o th vertex belongsto. Partition numbersstart
from � up to thenumberof agglomeratedcells(controlvolumes)producedminusone.

4.5 Memory Allocation

MGRIDGEN andPARMGRIDGEN allocateall thememorythey requiresdynamically. This hastheadvantagethatthe
userdoesnot have to provideworkspace,but if thereis not enoughmemory, theroutinesabort.Notethattheroutines
in MGRIDGEN andPARMGRIDGEN donot modify thearraysthatstorethegraph.
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5 Calling Sequence of the Routines

This is thedescriptionof thecallingsequenceof theroutineprovidedby MGRIDGEN.

MGridGen (int nvtxs, idxtype*xadj, realtype*vvol, realtype*vsurf, idxtype*adjncy, realtype*adjwgt,
int minsize,int maxsize,int *options,int *nmoves,int *nparts, idxtype*part)

Parameters
nvtxs Thenumberof verticesof thegraph.

xadj, adjncy
Theadjacency structureof thegraphasdescribedin Section4.1.

vvol Informationaboutthevolumeof eachvertex asdescribedin Section4.1.

vsurf Informationabouttheboundarysurfaceof eachvertex. It is zerofor all interiorelementsasdescribed
in Section4.1.

adjwgt Informationabouttheweightsof theedgesasdescribedin Section4.1.

minsize A lowerboundon thecell sizefor thecoarsegraph.

maxsize An upperboundon thecell sizeof thecoarsegraph.

options This is anarrayof 4 integersusedto passparametersfor thevariousphasesof thealgorithm.

options[0] CType : Selectsthe algorithmto be usedfor the coarseningphaseof the multilevel
algorithm,seeSection2, [6]. Possiblevaluesare:

1 A randomagglomerationalgorithmis used

4 A globularagglomerationalgorithmis used(Suggested).

Theglobularagglomerationschemeyieldsbetterresultsandis thereforerecommended.

options[1] RType: Selectsthealgorithmto beusedfor theuncoarsening/ refinementphaseof the
multilevel algorithm,seeSection2, [6]. Possiblevaluesare:

1 Minimize objective m 	 asdescribedin [6].

2 Minimize objective m Æ asdescribedin [6].

4 Minimize objective m Ê asdescribedin [6].

6 Minimize dualobjective m Ê and m�Æ asdescribedin [6] (Suggested).

Thedualobjectiveyieldsbetterresultsandis thereforerecommended.

options[2] Specifiesthelevel of informationto bereturnedduringtheexecutionof thealgorithm.
If set to � no information is given. If set to 128 it providessomebasicinformation
regardingthequalitymeasuresof thecoarsegraph(Suggested). Additionaloptionsfor
this parametercanbeobtainedby looking at theendof thefile defs.h .

options[3] Specifiesthedimensionof thegrid. Possiblevaluesare:

2 It is a 2-dimensionalgrid.

3 It is a 3-dimensionalgrid.

nmoves Uponsuccessfulcompletion,this variablestoresthe numberof movesthatwereperformedduring
therefinementphase.

nparts Upon successfulcompletion,this variablestoresthe numberof agglomeratedcells in the coarse
graph.

part This is an arrayof sizeequalto the numberof graphvertices. Upon successfulcompletionstores
thecontrol volumenumberthateachgraphvertex belongsto, in thecoarsegraph,as(describedin
Section4.2).
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Thecalling sequenceof theroutineprovidedby PARMGRIDGEN is describedin therestof thissection.

ParMGridGen (idxtype*vtxdist, idxtype*xadj, realtype*vvol, realtype*vsurf, idxtype*adjncy,
realtype*adjwgt, int *nparts,int minsize,int maxsize,int *options,idxtype*part,
MPI Comm*comm)

Parameters
vtxdist Thearraydescribinghow theverticesof thegrapharedistributedamongtheprocessorsasdescribed

in Section4.1.
xadj, adjncy

Theadjacency structureof thegraphasdescribedin Section4.1.

vvol Informationaboutthevolumeof eachvertex asdescribedin Section4.1.

vsurf Informationabouttheboundarysurfaceof eachvertex. It is zerofor all interiorelementsasdescribed
in Section4.1.

adjwgt Informationabouttheweightsof theedgesasdescribedin Section4.1.

nparts Upon successfulcompletion,this variablestoresthe numberof agglomeratedcells in the coarse
graphthatis storedlocally.

minsize A lowerboundon thecell sizefor thecoarsegraph.

maxsize An upperboundon thecell sizeof thecoarsegraph.

options This is an arrayof 4 integersusedto passparametersfor the variousphasesof the algorithm. A
completedescriptionof this arrayappearedbeforein thedescriptionof thecall of MGridGen.

options[0] CType : Selectsthe algorithmto be usedfor the coarseningphaseof the multilevel
algorithm.

options[1] RType: Selectsthealgorithmto beusedfor theuncoarsening/ refinementphaseof the
multilevel algorithm.

options[2] Specifiesthelevel of informationto bereturnedduringtheexecutionof thealgorithm.

options[3] Specifiesthedimensionof thegrid.

part This is anarrayof sizeequalto thenumberof locally storedvertices.Uponsuccessfulcompletion
storesthecontrolvolumenumberthateachgraphvertex belongsto, in thecoarsegraph,as(described
in Section4.2).

comm This is theMPI communicatorof theprocessesthatcall PARMGRIDGEN. For mostprogramsthis
will beMPI COMMWORLD.

6 Hardware & Software Requirements, and Contact Information

MGRIDGEN is written entirely in ANSI C, andis portableon mostUnix systemsthathave anANSI C compiler(the
GNU C compilerwill do). It hasbeenextensively testedonAIX, SunOS,Solaris,IRIX, Linux, FreeBSD,andUnicos.

PARMGRIDGEN is written entirely in ANSI C, and usesMPI for communicationamongthe processors.It is
portableon mostUnix systemsthat have an ANSI C compiler(the GNU C compilerwill do) andMPI. It hasbeen
extensively testedon AIX, IRIX, Linux, andUnicos.

Instructionsonhow to build thelibrariesareavailablein thefile calledINSTALL in PARMGRIDGEN’sdistribution.
In orderto compilePARMGRIDGEN, theserialcodeof MGRIDGEN musthavebeeninstalledon thesystemfirst. The
distribution of PARMGRIDGEN containsthe serial library aswell and it is built automatically. In order to usethe
librariesin your application,you needto link your programwith either libmgrid.a , or both libmgrid.a and
libparmgrid.a , dependingonyourapplication,whetherit is serialor parallel.

In thedirectorycalledGraphs youwill find samplegraphfiles, to beusedwith thestandaloneprogramsmgrid-

gen andparmgridgen , that testif MGRIDGEN andPARMGRIDGEN werebuilt correctly. Also, two headerfiles
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calledmgridgen.h andparmgridgen.h areprovided that containthe prototypesfor the functionsin both li-
braries.

EventhoughMGRIDGEN andPARMGRIDGEN containnoknown bugs,it doesnotmeanthatall of theirbugshave
beenfoundandfixed. If youfind any problems,pleasesendanemailto moulitsa@cs.umn.edu, with abrief description
of the problemyou have found. Any future updatesto MGRIDGEN andPARMGRIDGEN will bemadeavailableon
WWW at http://www.cs.umn.edu/˜ moulitsa/software.html.
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